SUMMARY During 1979-82 hospital discharge rates after emergency admission for acute appendicitis were higher in Eire (17-4 per 10 000 population) than in England (10-3), Scotland (11 1), or Wales (12 3). Comparison of food consumption between the four countries, and between the health board areas of Eire and regions of Scotland, shows that appendicitis rates are highest in communities that consume more potatoes, sugar, and cereals, and less non-potato vegetables and fruit. The rates are also related to mortality from enteric and respiratory infections, to general practice consultations for infective disease, and to postneonatal mortality. This is evidence in favour of the hygiene hypothesis for the aetiology of appendicitis.
The steep increase in incidence of appendicitis in Britain at the turn of the century coincided with changes in the national diet. This, together with the observation that the disease was common only in industrialised countries, led to hypotheses that it had dietary causes, with particular interest in fibre and sugar.' 2 None of these hypotheses, however, can explain the continuing decline in the disease since the 1 930s.3 Nor have case-control studies yielded consistent evidence implicating any food or nutrient other than an association with low fluid intake. 4 Interest in the hypothesis that appendicitis is primarily an infective disorder has therefore revived.5 6 In particular, it has been suggested that the rise in appendicitis was a consequence of the Public Health Acts at the end of the last century. The resulting improvements in hygiene greatly reduced young children's exposure to enteric organisms and, it is argued, could thereby have altered their responses to infection in later years in such a way that acute appendicitis was triggered. 3 A recent study of appendicitis rates in 59 areas of England and Wales showed a positive correlation with consumption of potatoes and a negative correlation with non-potato vegetables, in particular green vegetables and tomatoes.7 In addition, there was a positive correlation with sugar and a negative correlation with fruit, although these were not consistent. Correlations with cereal foods and cereal fibre were small and not significant.
In order to examine further the roles of diet and infection in the aetiology of appendicitis we have extended these observations to include Scotland and Eire (the Republic of Ireland). Table 1 shows average annual discharge rates following acute appendicitis in the four countries. The rate for Eire is 17-4 per 10 000 or 21b7 when adjusted to allow for incomplete coverage by HIPE. The true value will be between these figures and is higher than the rates for the other three countries: in descending order, Wales (12-3), Scotland (11.1), and England (10-3). Among the eight health boards of Eire rates tend to be highest in those in the north and west. We calculated the Spearman rank correlation coefficient between average daily food consumption in each of the health boards of Eire and appendicitis rates, unadjusted (table 4). In keeping with the trends between the countries, there are positive correlations with potatoes (r = 031), sugar (r = 0-24), and cereal foods (r= 0 52) and negative correlations with green vegetables (r= -038), tomatoes (r= -0-29), and fruit (r=0-64). Substitution of adjusted appendicitis rates reduces the coefficients for cereal foods and green vegetables and makes the correlation with tomatoes positive. None of the correlations with unadjusted or adjusted rates is statistically significant. Table 5 shows food consumption within the regional hospital boards of Scotland. We did not calculate correlation coefficients because there are An objection to these data is that a varying * < proportion of removed appendices are histologically 10 9 * * normal, but for various reasons the diagnosis of acute * 8^appendicitis may still appear on hospital records.
Methods
Hospital discharge rates therefore overestimate the incidence of acute appendicitis, and variations 8 between areas could reflect different recording Man. We therefore conclude that there are variations in the incidence of appendicitis between and within Eire, England, Scotland, and Wales. Our comparison of food consumption between the four countries (table 3) was based on data from two different sources, the Household Budget Survey in Eire and the National Food Survey in Britain. The former is subject to error since food consumption was estimated from regional household expenditure on food and food prices in Dublin. The large differences between Eire and England, however, are unlikely to be due solely to inaccuracies. The comparison between the countries is consistent with findings in 59 areas of England and Wales that appendicitis is associated with high consumption of potatoes and sugar and low consumption of non-potato vegetables, particularly green vegetables and tomatoes and fruit.7 Whereas within England and Wales there was no association with cereal foods, comparison between the countries, particularly the high cereal food consumption in Eire, suggests a positive association. Comparisons between the health boards of Eire and the hospital board regions of Scotland are broadly consistent with those between the countries. They are not statistically significant and are subject to error, for example because of lack of regional data on food prices in Eire. Such errors, however, might be expected to conceal associations rather than create spurious ones.
We conclude that in Britain and Eire appendicitis has a higher incidence in communities with high consumption of potatoes, sugar, and cereals, and a lower incidence in communities with high consumption of non-potato vegetables, in particular green vegetables and tomatoes, and of fruit. The most consistent of these dietary associations of appendicitis are those with potatoes, all non-potato vegetables ( fig  1) and sugar. On the basis of the findings in England and Wales, we have suggested that the association with potatoes reflects the inverse relation between their consumption and that of other vegetables, which protect against appendicitis. We can offer no explanation of the correlation with sugar. The high consumption ofcereal foods in Eire is further evidence against the hypothesis that cereal fibre protects against appendicitis. There is general agreement that the ultimate event in appendicitis is invasion of the distal appendicular wall by organisms from within the lumen. Debate centres on the preceding events. A recent hypothesis suggests that the dramatic rise in appendicitis at the beginning of this century was the result of the environmental changes brought about by Public Health reforms in the late 1800s.3 The consequent improvements in hygiene greatly reduced exposure of young children to enteric organisms, demonstrated by the fall in childhood mortality from diarrhoeal disease. It is Julie Morris, D J P Barker, and M Nelson postulated that this altered the response to later infections in such a way that they triggered acute appendicitis. These triggering infections could be enteric or respiratory organisms. The initiating event may be lymphoid hyperplasia in the appendicular wall and consequent obstruction of the proximal lumen. Alternatively, it may be invasion of the appendicular epithelium by enteric organisms with or without preceding obstruction. No evidence of obstruction is found in 50% of cases of appendicitis.18
The 'hygiene' hypothesis suggests that whereas the rise in incidence of appendicitis in Britain was due to an increase in the propensity to develop the disease following a triggering infection, the decline is due to reduced encounters with triggering infections. Consequently, the geographical variations in the disease in England, Scotland, and Wales where rates are known to be declining should reflect variations in the incidence of infection. The data in figs 2 and 3 and the correlation with postneonatal mortality are consistent with this. The high infective disease and postneonatal mortality in Eire are also consistent, although data to confirm a current decline in appendicitis are lacking.
Mortality from infective disease is now so low that it can no longer serve as an indicator of geographical differences in incidence of infection in Britain and Eire (table 6) . We therefore used mortality rates from 20 years ago. The correlation with current appendicitis rates is strikingly high and is little influenced by exclusion of tuberculosis (fig 2) .
In England and Wales, data from the National Morbidity Survey of consultations in general practice allow comparison of morbidity from infection and appendicitis rates during the same period ( fig. 3) . The high correlation supports the argument that acute appendicitis is triggered by infection. Both the mortality and morbidity data are crude indicators of a range of different infections but their similar regional pattern in England and Wales supports their validity. We have found no other indicators, and the data provide only limited support for the infective aetiology of appendicitis.
The finding that in Britain and Eire communities with high appendicitis rates are characterised by particular patterns of both food consumption and infective disease can be interpreted in a number of ways. The geographical relation between diet and appendicitis may not be causal but may reflect an association between diet and socioeconomic influences. Consumption of green vegetables and fruit is historically and currently highest in the upper income groups in Britain. '2 19 Consumption of potatoes, sugar, and cereals is highest in the lower income groups. Hence geographical differences in intake of these foods may reflect differences in other Diet, infection, and acute appendicitis in Britain and Ireland economic variables. The quality ofhousing, in relation to crowding, density, and the availability of amenities such as hot and cold water, is a known determinant of infection. We are investigating further the possible relation between appendicitis and housing.
